The relationship between physical properties, physical capacity, and performance has been a source of interest for researchers. One of the main goals of the sport sciences is to increase the efficiency of the athletes and anticipate the development of athletes. The functional, physical, and physiological characteristics of the athletes are the factors that influence the sports performance. Hence, it is necessary to investigate the functional, physical, and physiological properties of the athletes (1-3).
INTRODUCTION
Studies in the literature indicate that the grip strength of athletes has a significant influence on the performance of the athletes in different sports branches. (1, 2, (4) (5) (6) . Also, several studies have examined the relationship between respiratory function and respiratory muscle strength in relation to sportive performance (7) (8) (9) . However, studies in the literature investigating the relationship between respiratory function and respiratory muscle strength and grip strength were performed in healthy populations, geriatric individuals, and patients with systemic diseases (10) (11) (12) (13) (14) . Studies investigating the relationship of these parameters affecting sports performance are limited in athletes. Therefore, the aim of this study was to examine the relationship between respiratory function and respiratory muscle strength and grip strength, which are effective in sports performance of the athletes.
MATERIALS AND METHODS

Study design and participants
The elite judo, shovel, gymnastics, Greco-Roman wrestling, and speedboat athletes from the Turkey Olympic Preparatory Center were included in the study. The inclusion criteria for the study were individuals aged more than 18 years, individuals involved in professional sport for at least 3 years, individuals having no orthopedic injuries that would affect grip strength in the last 6 months, individuals with no acute or chronic respiratory infection, individuals having cognitive state required for the assessment, and individuals who volunteered to participate in the study. The study began with 70 athletes. The study was completed with 61 athletes (age: 20.63 ± 3.08 years; height: 172.26 ± 8.84 cm; body weight: 71.65 ± 14.28 kg; body mass index: 23.82 ± 3.33 kg /m 2 ; sport age: 8.61 ± 4.34 years) ( Table 1 ) because 9 athletes did not meet the inclusion criteria. Further, 41 of the athletes participating in the study were males athletes and 20 were females. Also, 51 of the athletes were right dominant and 10 left dominant. Dominant status was determined by asking the athletes. Moreover, 21 of the athletes were judo, 16 shovels, 13 gymnastics, 7 Greco-Roman wrestlers, and 4 fast-paced athletes (Table 2 ).
Evaluations
Evaluation of respiratory function and respiratory muscle strength
The respiratory function and respiratory muscle strength of the athletes were measured using the portable digital spirometer (Pony FX Cosmed) and the American Thoracic Society (ATS)/ European Respiratory Society (ERS) acceptability criteria. The measurements were made in the same environment and by the same evaluator. Prior to the measurements, all participants were informed about the test, and the participants' height, weight, date of birth, sex, race information were recorded on the spirometer device. Before the test was started, several applications were made for participants to adapt to the device and determine whether the test was understood correctly. The tests were carried out in a comfortable seat on an armchair. During the tests, the athlete's nose was covered with the nose clip. To not miss out the air, the athletes wanted to close the mouthpiece of the spirometry with their lips without covering the mouth of the spirometry with the tongue and teeth. Each test was repeated three times, and the best result was used for statistical analysis.
For the forced vital capacity (FVC) maneuver, the athletes were first asked to make a strong and deep inspiration. At the end of the inspiration, the athletes were asked to perform rapid explosive and strong expiration and wanted to breathe deeply again when all the air in their lungs was gone. The FVC, forced expiratory volume (FEV1), and peak expiratory flow (PEF) values obtained as a result of the test were recorded.
For maximum voluntary ventilation (MVV), the athletes were asked to take a fast, deep, and rhythmic breath for 12s. During the test, verbal statements were made by the evaluator to allow the athletes to adjust the respiratory rhythm (15) .
Measurements of respiratory muscle strength were assessed using maximal inspiratory pressure (MIP) and maximal expiratory pressure (MEP) tests, which were simple and noninvasive methods. For the MIP test, the athlete was asked to expel the air from their lungs first and then make a deep, fast and strong inspiration for at least 1 s against resistance. For the MEP test, the athlete was asked to inspire air in his lungs first and then make a deep, fast, and strong expiration for at least 1 s against resistance. The MIP and MEP values obtained from the tests were recorded (16) (17) (18) .
Evaluation of grip strength
The grip strength of the athletes was assessed using Takei GRIP-D (Japanese) brand hand dynamometer. Since the methods of measuring the grip strength vary in the literature, three different measurement methods were applied (19) . For the first measurement, the athlete was asked to squeeze the hand dynamometer while standing, with the shoulder slightly abducted, the elbow 90 degrees flexed, and the forearm in the neutral position. For the second measurement, the athlete was asked to squeeze the hand dynamometer while standing, with the shoulder slightly abducted, with the elbow fully extended, and with the forearm in the neutral position (20) . For the third measurement, the athlete was asked to squeeze the hand dynamometer in sitting position with the shoulder in adduction, elbow in 90º flexion, and forearm in a neutral position (19, 21) . For each measurement method, the test was repeated three times on both dominant and nondominant sides, and the average value of three repetitions was recorded in kilograms (kg) (21) .
Statistical analysis
The data collected on the respiratory function, and respiratory muscle strength and grip strength of the athletes were analyzed using Statistical Package for Social Sciences Inc. (IL, USA) for Windows Release 22.0 statistical package program. Visual (histogram, probability plots) and analytical method (Kolmogorov-Smirnov test) were used to identify whether the variables were normally distributed. All the numerical data used for evaluating FVC, FEV1, PEF, MIP, MEP, and grip strength were observed to have a normal distribution. Therefore, the relationship between the variables was analyzed using the Pearson correlation coefficient. Statistical error level was determined as P <0.05.
RESULTS
The descriptive statistics of the data obtained as a result of evaluations of respiratory function, respiratory muscle strength, and grip strength of the athletes are shown in Table 3 .
When the relationship between the FVC, FEV1, PEF, MVV, MIP, MEP. and grip strengths of the athletes were examined as a result of the study, all the analyzed parameters were seen to be related to each other (r: 0.302/0.678; P < 0.05). (Table 4 ). 
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DISCUSSION
The study showed that the grip strength of the athletes was correlated with the respiratory muscle strength and respiratory function. This novel study included different sports branches and investigated the relationship between grip strength and respiratory function and respiratory muscle strength, which affected sports performances of athletes.
Grip strength is related to general physical function, muscle mass, and health status (22) . Also, both peripheral muscle strength and general muscle strength are correlated with grip strength (23, 24) . Therefore, grip strength can be used as a tool for predicting general muscle strength (23) . In the present study, grip strength measurement was used, which was easy to apply and demonstrated efficacy on muscle strength measurement in the literature to evaluate the muscle strength of athletes.
Some studies in the literature determined the relationship between grip strength and performance in the athletes. Ferragut et al showed that grip strength in elite water ball athletes was a significant factor in the performance of athletes and that maximal grip strength was related to the throwing speed of the athletes (4). Gonçalves et al showed that maximal grip strength in judo athletes was related to the judo fitness test, which was specific to judo performance (5). Zampagni et al found that grip strength was related to swimming performance and that grip strength was effective in predicting short-distance swimming performance in elite master swimming (6). Geladas et al emphasized that grip strength was an important factor in predicting 100-m freestyle swimming performance in young male swimmers (1). Iermakov et al showed that the grip strength of martial arts athletes had a significant influence on the athletes' sportive achievements (2) .
Similarly, a relationship exists between respiratory functions and respiratory muscle strength and sports performance. In this context, Noriega-Sanchez et al performed a study on young swimming athletes and showed that the 100-m swimming test was related to forced inspiratory volume in first second (FIV1) and FVC in female athletes and FIV1 in male athletes. It was also emphasized that only FIV1 of athletes among the evaluated anthropometric, conditioning, and physiological parameters in the study was a predictor of 100-m swimming performance. (12) . Bae et al showed that the grip strength in children and adolescents was associated with FEV1 and FVC. They also indicated that muscle strengthening exercises, in addition to aerobic exercise, were necessary for the development of pulmonary function (13). Sahin et al emphasized that MIP and MEP values were related to grip strength and that grip strength might be a determinant of respiratory muscle strength in patients with fibromyalgia syndrome. The findings indicated that the decrease in the strength of the respiratory muscles might contribute to the decrease in peripheral muscle strength (14) . The studies in the literature related to respiratory function and respiratory muscle strength and peripheral muscle strength were the ones showing a decrease in pulmonary capacity mostly associated with age and the negative effects of physiological changes in pulmonary and pulmonary functions due to chronic lung diseases on peripheral muscle strength (10, 25) . In the present study, it was hypothesized that the peripheral muscle strength increased with the athletes' lung volumes and respiratory muscle strength. Indeed, the results supported the aforementioned hypothesis.
The present study showed that elite athletes' respiratory function and respiratory muscle strength were associated with grip strength, which is a general indicator of muscle strength. This relationship could be interpreted as the development of lung functions and respiratory muscle strength to provide necessary oxygenation to allow the muscles to release force. Therefore, when the relationship between sports performance and strength of peripheral muscles of athletes is taken into account, it is presumed that training and exercises for increasing respiratory function and respiratory muscle strength should be included in the routine training programs to increase muscle strength, which is important in the sportive performance of athletes.
